Ecological data on temporal trends suggest that the rising prevalence of obesity is, at least in part, attributable to declining population energy expenditure. However, population-level data on trends in physical activity are scarce. In longitudinal cohort studies individuals who report higher levels of leisure-time physical activity tend to be less likely to gain weight, but studies vary in their conclusions because of issues of confounding, reverse causality and measurement error. The majority of studies suggest that low levels of activity are only weakly associated with future weight gain. Questions about dose-response can only be properly addressed by studies including objective measures of activity with known measurement error. The observational studies leave uncertainties about the direction of causality, as individuals who are overweight are less likely to stay active. Adjustment for confounding can diminish the impact of known confounders, but only randomisation can deal with issues of unmeasured confounding. Although there are a large number of clinical trials on the treatment of individuals with obesity or the prevention of weight regain among weight losers, the updated review of trials to prevent weight gain de novo only reveals six trials published since 2000 in adults and eleven in children. Not only are these trials relatively few in number but, for various methodological reasons, they are uncertain in their conclusions about whether increasing activity will be effective in preventing obesity. Whilst efforts should continue to enhance the evidence base it is wise, in the meantime, to stick to the consensus public health advice of advocating 45-60 min moderate intensity activity daily to prevent obesity.
Physical activity: Weight gain: Critical review: Obesity
Three features characterise the current epidemic of obesity. Its rapidity is striking, as is the magnitude of the increase in prevalence. It is also a global phenomenon, as similar changes are seen in all Western countries and many non-Western countries as well. In the USA, for example, the prevalence of obesity increased by 74% between 1991 and 2001 (Mokdad et al. 2003) . In the UK the proportionate increase between 1993 and 2003 was 43% for women and 74% for men (Department of Health, 2004b) . The rising prevalence of obesity has been attributed in part to population-level changes in physical activity. The present paper aims to review the strength of evidence underlying the assertion that there is a secular decline in physical activity levels and that low levels of physical activity are associated with weight gain in observational studies. Finally, evidence of the effectiveness of interventions aimed at the prevention of obesity is discussed.
Ecological data
The causes of these rapid population shifts are uncertain, but data suggest that this transition has occurred simultaneously with changes in physical activity patterns (Department of Health, 2004b; Ham et al. 2004 ). This evidence is ecological, and as such does not provide as high a level of causal inference as individual-level data. The evidence is also rather limited. One of the main reasons is that physical activity, in contrast to obesity, is not simple to assess because it is a complex multi-dimensional behaviour . Physical activity takes place in a variety of different domains, i.e. in transportation, domestic life, occupation and recreation. Each domain probably needs to be assessed separately, not only because this approach allows the information to be more specific, but also because it is more likely to be valid. In addition to the different domains, physical activity assessment needs to consider intensity, frequency, duration and the type of activity undertaken. Many historical physical activity instruments, however, are rather simple and often reduce this complex behaviour to a global self-report index . Even those questionnaires that ask about specific activities sometimes group them across domains, creating questions that are difficult to answer. How many individuals can accurately report how far they walk each day? It is more likely that self-report will be accurate when questions address activities in the domain in which they take place. Thus, questions might separately address walking to and from work or school, walking at work and walking for pleasure. Even when questionnaires are logically constructed with attention to the different domains of activity, they are still relatively imprecise as a measure of total energy expenditure (Wareham et al. 2002) . It may be that the inherent limitations of self-report measures of activity for population surveillance of energy expenditure are so great that alternative strategies, including the use of objective monitoring, are required.
In the UK population-level surveillance data on overall physical activity are extremely sparse. The Health Survey for England (Department of Health, 2004b) included questions originally developed for the Allied Dunbar National Fitness Survey (Sports Council and Health Education Authority, 1992) , which have been reconfigured to allow comparison with contemporary definitions of desirable activity levels. As yet, insufficient time has elapsed for temporal trends to become apparent, but the current Health Survey for England data (Department of Health, 2004b) suggest that between 1997 and 2003 an increasing number of individuals achieved a physical activity target of a minimum of ‡30 min moderateintensity activity on a minimum of 5 d/week, which is perhaps a paradox given the rising prevalence of obesity. There is no published validation study demonstrating the accuracy of these questions in assessing true activity levels. Thus, UK information on population levels of physical activity mostly stems from proxy domain-specific measures. For example, since the 1960s there has been a large increase in second car ownership (Department for Transport, 2004) , an increase in the use of labour-saving devices in the house (e.g. dishwashers, tumble driers; Rickards et al. 2004) , an increase in the time spent viewing television (TV) per week (Rickards et al. 2004 ), a decline in the distance children walk per year (Department for Transport, 2004 ) and a massive change in the proportion of the workforce employed in manufacturing, farming and other physically-demanding occupations. Given that the aetiological effects of activity are likely to be related to the totality of physical activity rather than the domain-specific components, it is a major deficiency that there are no population-level data on temporal trends in total activity. It could be that the apparent temporal changes in activity in domestic life, work and travel are compensated for by an increase in recreational activity. However, this information is not available for the UK. For the USA there is some suggestion from the Behaviour Risk Factor Surveillance System of a secular decrease in the proportion of the population that report total inactivity during recreational time (Ham et al. 2004) . Whether this finding can be taken to imply an increase in sufficient physical activity to prevent weight gain is uncertain.
In summary, the available data seem to indicate a secular decline in overall physical activity that has occurred at the same time, or possibly before, the temporal increase in obesity. In order to have a clearer knowledge of temporal trends of physical activity, it is essential that the UK and other countries establish consistent securelyfunded collections of long-term population surveillance data both on sub-components of physical activity and total physical activity-related energy expenditure (PAEE). As the latter is difficult to assess by questionnaire, it would be preferable to use objective methods. This proposition requires a long-term commitment to surveillance, which in turn implies investment in the development and use of inexpensive surveillance methods. Population-level surveillance data not only provides important descriptive epidemiological information about temporal trends, but it also acts as an outcome measure for interventions aimed at changing population activity, a theme that will discussed later in the present review.
Observational studies of physical activity and change in weight
The contribution made by population-level data to the determination of the contribution that activity or inactivity makes to the causation of weight gain will always be limited by ecological fallacy. A higher level of causal inference comes from studies in which activity and weight change are measured for individuals rather than populations. The observational data relating activity and weight change have previously been systematically reviewed in 2000 both in adults and children (Fogelholm & Kukkonen-Harjula, 2000; Molnar & Livingstone, 2000) . The purpose of the present review is to update the two previous reviews by summarising the literature published since 2000 on observational studies studying the longitudinal association between physical activity and weight change in adults and children. For this purpose the databases Pubmed and Psyclit were searched using text words aimed at retrieving longitudinal or prospective cohort studies that include data on baseline physical activity or change in physical activity, and use change in body composition as an outcome measure, excluding cross-sectional studies. This search strategy has revealed a total of thirty additional papers, fourteen in adults and sixteen in children.
Cohort studies in adults
Fogelholm & Kukkonen-Harjula (2000) have systematically reviewed the literature describing data from observational cohort studies on physical activity and weight gain in adults, concluding that there is inconsistent evidence of the predictive effect of baseline physical activity on subsequent weight gain. However, they observed that the association between weight gain and change in activity or activity at follow-up is stronger, although still modest. These results may be interpreted in three different ways: (a) physical activity is an important factor in preventing weight gain, but the true association is not detectable because of measurement error; (b) less weight gain leads to better exercise adherence; a reverse causality argument; (c) the self-reported physical activity may be a proxy for a general healthy lifestyle; a confounding argument. In the current review an additional fourteen observational studies on physical activity and weight gain in adults have been identified, of which only two have included an objective measure to assess physical activity (Tataranni et al. 2003; Ekelund et al. 2005) , whereas the other twelve studies have assessed physical activity by means of self-report (Rainwater et al. 2000; Schmitz et al. 2000; Sherwood et al. 2000; Bell et al. 2001; Wagner et al. 2001; Ball et al. 2002; Hu et al. 2003; Koh-Banerjee et al. 2003; Macdonald et al. 2003; Droyvold et al. 2004; Petersen et al. 2004; Wenche et al. 2004) .
Self-report physical activity and weight gain: studies in adults Table 1 provides a summary of the twelve studies reporting on the association between self-reported physical activity and weight gain. Most studies include a large number of participants (sample size ranging from 539 to 50 277) and have relatively long follow-up (ranging from 3 to 11 years). The age of the participants ranges from 18 to 78 years at inclusion and only five studies include both males and females (Rainwater et al. 2000; Schmitz et al. 2000; Sherwood et al. 2000; Bell et al. 2001; Petersen et al. 2004) . Most studies report on longitudinal associations between physical activity and BMI or body weight. Only two of the included studies do not find an association (Rainwater et al. 2000; Ball et al. 2002) , whereas nine report a negative association between physical activity and weight gain, i.e. that lower physical activity predicts higher subsequent weight gain (Schmitz et al. 2000; Sherwood et al. 2000; Bell et al. 2001; Wagner et al. 2001; Hu et al. 2003; Koh-Banerjee et al. 2003; Macdonald et al. 2003; Droyvold et al. 2004; Wenche et al. 2004) . One study reports a reverse association, suggesting that higher baseline levels of BMI predict future low levels of physical activity (Petersen et al. 2004) . Comparing these results with the previous review (Fogelholm & Kukkonen-Harjula, 2000) it seems that the more-recent studies more often report associations in the expected direction. This observation could have several possible explanations. First, the more-recent studies could be larger and, therefore, could have the power to detect small associations. This explanation certainly seems to be a possibility as five of the sixteen studies reported by Fogelholm & Kukkonen-Harjula (2000) include <500 participants, whereas the twelve more-recent papers all had >500 participants. Alternatively, improvements could have been made to study design, reducing the effects of confounding by adjustment for a greater range of factors or limiting measurement error by using more-valid self-report measures of physical activity. However, neither of these explanations is very likely because the confounding factors considered are similar in all studies, as are the measures of activity. Finally, it is possible that the predominance of recent studies in the expected direction could be a manifestation of publication bias. Given the plausibility of an association between inactivity and weight gain, and the widespread public view that lack of activity is driving the current obesity epidemic, publication bias is certainly possible. Few authors are likely to challenge current orthodoxies.
One group who have attempted to consider alternative explanations are Petersen et al. (2004) ; their longitudinal Copenhagen Study is well placed to investigate relationships between activity and weight as they have repeated measures over time. Their data suggest that physical activity at baseline is not related to weight gain, but that the converse is true, as a higher BMI at baseline is related to an increased risk of later physical inactivity. This study raises important questions about reverse causality. However, it is difficult to determine the direction of causality for this type of data because of the marked difference in the measurement precision of physical activity and obesity. When the more imprecise variable is used as the outcome, the measure of effect is estimated accurately, but with error. When it is used as the exposure, the measure of effect is attenuated towards the null. Since activity measurement is much less precise than quantification of obesity, it is not surprising that baseline weight predicts follow-up activity, whereas the reverse is not demonstrable because of measurement error. Longitudinal studies that use more accurate measurement of both activity and weight change might be able to more accurately estimate the true relationship between changes in these measures. However, ultimately there remains a 'chicken and egg' argument, which may not be resolvable using observational data.
Although all studies adjust for other lifestyle factors that are associated with activity and may be confounders in the relationship with weight gain, it is not possible to remove the effect of confounding, which can take two forms. Residual confounding can exist when the measurement of a confounding factor is less than perfect, so that adjustment does not fully remove the effect of the confounder. Unmeasured confounding is an issue for factors that have not been thought about at all and are therefore not adjusted for. Given the diversity and complexity of the potential confounding factors for the association between activity and weight gain, it is highly likely that both forms of confounding exist. No observational study can ever resolve issues of confounding. An attempt can be made to reduce residual confounding by measuring plausible factors as accurately as possible. Similarly, unmeasured confounding can be reduced by including a greater range of possible factors. However, there are always factors that have not been considered and the only solution that really reduces confounding is randomisation within a trial.
Overall, the magnitude of the effect is small in the studies that report the expected inverse association between physical activity and subsequent weight gain. For example, Koh-Banerjee et al. (2003) have estimated that an increase in vigorous physical activity with a 25 metabolic equivalent task-h/week is associated with a reduction in waist circumference of 19 mm in men at 9year follow-up. This increase in activity equates to approximately 4 h vigorous physical activity at 6 metabolic equivalent task-h/week. Sherwood et al. (2000) have shown that in men an increase of one high-intensity exercise session per week is associated with a decrease in weight of 0 . 53 kg at 3-year follow-up. In a large study in women with a 6-year follow-up Hu et al. (2003) have shown that for each 2 h increase in time spent watching TV there is a 23 % increase in obesity risk. An increase in brisk walking for 1 h/d is associated with a 24% decrease in obesity risk. They have estimated that a relatively-active lifestyle, consisting of <10 h TV watching per week and ‡30 min brisk walking/d, would prevent 30 % of the observed cases of obesity in this female cohort (Hu et al. 2003) . However, all these studies have employed subjective measures of reported activity, which are known to estimate true PAEE with a high degree of error. It would be preferable to estimate the true magnitude of the relationship between activity and weight gain with objective measures of the PAEE.
Objectively-measured physical activity and weight gain: studies in adults
Only two studies have been identified that describe the association between PAEE and weight gain using an objective measure of physical activity (Table 2) . Tataranni et al. (2003) have used a doubly-labelled-water technique to assess PAEE and physical activity level in ninety-two Pima Indians aged 19-70 years. Physical activity level is calculated as total energy expenditure divided by RMR. Neither PAEE nor physical activity level is related to change in body weight during follow-up after 4 years. However, there is a positive association between total energy intake at baseline and change in body weight over the 4-year follow-up period. Ekelund et al (2005) have examined whether PAEE assessed by heart-rate monitoring using individual calibration predicts weight gain and change in body composition (fat mass and fat free mass) in a population-based cohort of UK adults (n 739) over a period of 5 years. The association between PAEE and gain in body weight is modified by age. PAEE predicts change in fat mass in younger adults who as a group gained weight over the follow-up period, although the magnitude of the effect is small. In contrast, in older adults who are on average weight stable PAEE is associated with a gain in body weight, possibly as a result of preservation of fat free mass. 
Cohort studies in children and adolescents
Molnar & Livingstone (2000) have reviewed published papers reporting observational studies of the association between physical activity and weight gain in children. As was the case in the adult studies (Fogelholm & Kukkonen-Harjula, 2000) , they conclude that the results are inconsistent. Of the seven studies included in the 2000 review, four report that physical activity is associated with less weight gain in children, whereas the other studies do not observe an association. The present search has identified a further sixteen papers that have been published since the previous review. Self-reported physical activity and weight gain: studies in children and adolescents Table 3 gives an overview of the studies reporting on the longitudinal association between self-reported physical activity and weight gain in children, with follow-up ranging from 1 to 23 years. Five of the studies have a follow-up time of £2 years. The studies include between 59 and 11 887 children, with four studies including >1000 children. The ages of the children included range from 3 to 14 years, with most studies including children aged <10 years. Three studies include girls only (Davison & Birch, 2001; Horn et al. 2001; Francis et al. 2003 ). With only one exception (Tammelin et al. 2004 ), all the studies use reported change in BMI or sum of skinfolds as the outcome. Overall, the results are mixed. Five studies do not find an association between physical activity or sedentary behaviour and weight gain (Mamalakis et al. 2000; Davison & Birch, 2001; Kimm et al. 2001; Bogaert et al. 2003; Francis et al. 2003) . The other six studies show an inverse association between higher levels of physical activity and weight gain, or a positive association with time spent on sedentary activities (Berkey et al. 2000; O'Loughlin et al. 2000; Horn et al. 2001; Berkey et al. 2003; Proctor et al. 2003; Hancox et al. 2004; Tammelin et al. 2004 ). However, as in the studies in adults, the measures of association tend to be small. Berkey et al. (2003) have shown that an increase of 1 h in daily recreational physical activity is associated with a 0 . 06 kg/ m 2 decrease in BMI in girls at 1-year follow-up. Furthermore, they have also shown that in both boys and girls a 1 h difference in sedentary activity or physical activity is associated with a 0 . 026-0 . 038 kg/m 2 higher BMI at 1-year follow-up (Berkey et al. 2000) . In a study on the association between TV viewing and subsequent change in body composition, Proctor et al. (2003) have shown that children who watch TV >3 h/d have a higher sum of skinfolds than the children watching <1 . 75 h/d, irrespective of physical activity level during the study period. Two studies initially included children or adolescents in their study, showing that physical activity in childhood and adolescence have an association with body composition in adulthood (Hancox et al. 2004; Tammelin et al. 2004) . One of these studies followed >1000 children from 3 years of age until adulthood (26 years of age). This 23-year follow-up study has shown that one extra hour TV viewing daily between 5 and 15 years of age predicts a 0 . 54 kg/m 2 increase in BMI at the age of 26 years (Hancox et al. 2004) . Approximately 17 % of the overweight observed in adulthood could be attributed to TV viewing of >2 h/d during childhood (5-15 years).
Objectively-measured physical activity and weight gain: studies in children and adolescents
Five studies have reported on the longitudinal association between objectively-measured physical activity or PAEE and weight gain in children (Table 4 ). The children included in these studies are mostly younger than 10 years and the duration of follow-up ranges from 2 to 8 years.
Physical activity or PAEE is measured using accelerometry ) have observed a prospective association between PAEE adjusted for fat-free mass and percentage body fat over a follow-up period of 1 . 6 years. However, this association is attenuated and is not significant after 2 . 7 years of follow-up. Johnson et al. (2000) have studied the longitudinal associations between energy expenditure and change in fat mass in prepubertal children over a period of 3-5 years. None of the energy expenditure measures predicts increasing adiposity. However, peak O 2 uptake is a predictor of increasing adiposity in that study. The interpretation of this finding is different in children than in adults, since there is only a weak association between physical fitness and level of physical activity in children (Ekelund et al. 2001 ).
Trials to prevent weight gain
The observational studies of activity and weight gain in adults and children are affected by issues of measurement *Classification of sexual maturation (Tanner, 1962) .
error, residual and unmeasured confounding, and reverse causality. Although improved study design with greater emphasis on objective measures with known degree of measurement error can deal with a number of these issues, they cannot resolve problems of the direction of association or deal with unmeasured confounding, for which randomised clinical trials are required. Although there are a large number of clinical trials on the treatment of individuals with obesity or the prevention of weight regain among weight losers, a recent systematic review of trials to prevent weight gain de novo has only revealed a total of nine trials (Hardeman et al. 2000) . Not only are these trials relatively few in number but also, for various methodological reasons, they are uncertain in their conclusions about whether increasing activity will be effective in preventing obesity. Campbell et al. (2001) have drawn similar conclusions from their review of the trials on obesity prevention in children. This review comprises seven trials, of which one only includes a dietary intervention. Six of the trials studied interventions aimed at preventing obesity by increasing physical activity, which is combined with changing dietary behaviour in three of these trials. The aim of the second part of the present review is to update the two previous reviews by summarising the papers published from 2000 onwards on controlled trials studying interventions aimed at preventing weight gain in both adults and children by increasing physical activity or decreasing physical inactivity. For this purpose, the search criteria applied by Hardeman et al. (2000) have been used. The following inclusion criteria have been used: (a) physical activity promotion is a main component of the intervention; (b) the effects on changes in weight or body composition are reported; (c) the intervention is not aimed at weight reduction or at preventing weight regain. The search has revealed a total of seventeen additional studies, of which six include adults and eleven include children.
Trials in adults
A total of six trials aimed at increasing physical activity and preventing weight gain in adults have been identified (Table 5 ; Muto & Yamauchi, 2001; Polley et al. 2002; Burke et al. 2003; Litterell et al. 2003; Proper et al. 2003; Simkin-Silverman et al. 2003) . The interventions are mostly aimed at populations who are either defined on the basis of their risk for weight gain or because they could be a specific group to whom an intervention might be targetted. These groups include couples in their first 2 years of living together (Burke et al. 2003) , the working population (Muto & Yamauchi, 2001; Proper et al. 2003) , pregnant (Polley et al. 2002) or middle-aged premenopausal (Simkin-Silverman et al. 2003) women, or patients taking drugs that induce weight gain as a side-effect (Litterell et al. 2003) . In general, the interventions are of a high intensity and are spread over a relatively long period of time (ranging from 12 weeks to 5 years) with face-to-face counselling on behaviour change in either group or individual settings. Two studies have follow-up measurements >3 months after the end of the intervention (Muto & Yamauchi, 2001; Burke et al. 2003) . As in the Hardeman et al. (2000) review, the description of the underlying theories supporting the interventions is limited. Only one of the interventions is based on a behaviour change theory, the Trans Theoretical Model (Proper et al. 2003) . In four of the seven trials there are differences in body composition between the intervention and control group (Muto & Yamauchi, 2001; Litterell et al. 2003; Proper et al. 2003; Simkin-Silverman et al. 2003) , which is also sustained at longer follow-up (Muto & Yamauchi, 2001) . The dynamics of change differ between the studies, as some show an increase in body weight in the control group and weight stability in the intervention group (Litterell et al. 2003; Simkin-Silverman et al. 2003) , whereas others show a decrease in the intervention group (Muto & Yamauchi, 2001) , or decreases in both study groups (Proper et al. 2003) .
Trials in children and adolescents
A total of eleven trials aimed at preventing unhealthy weight gain by increasing physical activity or reducing sedentary behaviour in children have been found (Table 6 ; Sahota et al. 2001; McMurray et al. 2002; Baranowski et al. 2003; Caballero et al. 2003; Neumark-Sztainer et al. 2003; Pangrazi et al. 2003; Robinson et al. 2003; Sallis et al. 2003; Warren et al. 2003; Dennison et al. 2004; Kain et al. 2004 ). Nine trials have studied the effectiveness of school-based interventions, whereas the others have studied home-based or family-orientated interventions (Baranowski et al. 2003; Robinson et al. 2003) . Effectiveness is mostly assessed directly after the intervention and only one study includes a follow-up measurement at >3 months after the end of the intervention (Dennison et al. 2004) . In three of the eleven trials there is a small intervention effect on body composition at follow-up (McMurray et al. 2002; Sallis et al. 2003; Kain et al. 2004) , with two of them (Sallis et al. 2003; Kain et al. 2004) reporting effects for boys only. Although several of the non-effective trials report on positive changes in physical activity levels or on dietary behaviour, they do not show significant differences in body weight or body composition at follow-up between the intervention and control group. When studying the intensities and settings of the interventions, it seems that comprehensive schoolbased interventions aimed at increasing physical activity levels through physical education classes and behaviour change are most likely to be effective in preventing weight gain in children, whereas interventions aimed at reducing sedentary behaviour and family-based interventions seem to be less effective.
The present updated review demonstrates that there are still relatively few trials aimed at the primary prevention of weight gain and that there is, therefore, still insufficient evidence on which to base conclusions about which of the approaches are effective. It is evident, however, that understanding information from such trials would be enhanced if they are based on an explicit causal model with a clear theoretical foundation, so that even if the overall effect is non-significant, it would be possible to disentangle which aspects of the intervention are ineffective. At present, most of the interventions are black boxes, and when they are not effective it is difficult to generalise 
Analysis of true population-level approaches to increasing physical activity
All the trials considered in the present review were aimed at changing individual behaviour. However, if a broader perspective is taken it is clear that this approach ignores important collective determinants of physical activity. These determinants, including environmental influences such as transport policy, are much less amenable to the traditional medical reductionist approach to evaluation and it is unlikely that they will ever be subject to assessment by a randomised controlled trial. However, if they are powerful influences on physical activity, and therefore strong drivers of the current obesity epidemic, it is important that opportunities are sought to assess the impact of environmental changes that are brought about by deliberate policy intention, such as the provision of bicycle pathways, or those that are the result of policies aimed at an entirely different issue, e.g. congestion-charging schemes. In either situation it is also important not only to assess specific behaviours that are likely to be directly affected by the policy change, but also other physical activity behaviours that might be altered as a consequence, and ideally to assess the totality of activity as well. A congestion-charging scheme might impact on car use, with a resultant increase in cycling and walking to work. However, its overall impact on total activity might be neutral if the increases in energy expenditure during transportation to work are compensated for by opposite trends in recreational activity. It is unlikely that policy makers will wish to invest in such detailed analyses of their decisions, particularly when the impact on activity and prevention of weight gain are secondary to the main purpose of their initiatives. It is also unlikely that researchers will be given time to accumulate sufficient pre-change data to be able to determine whether the policy change has had an effect, since most policy initiatives work to the short timetable of the political agenda. Thus, a mixed approach to evaluation is likely to be the most successful, with the incorporation of rapid local measures of specific and total activity into areas likely to be affected by policy changes, with longer-term trend data being obtained from ongoing population surveillance studies. As the introduction to the present paper has indicated, such background data are scarce in the UK and are barely sufficient to be able to describe the current trends in physical activity behaviour, let alone allow for analysis of the impact of societal-level interventions. Efforts to address these deficiencies are clearly long overdue and require as comprehensive a system as that in place for infectious diseases. As inactivity and overweight are the major public health challenges of the 21st century, it is timely to consider whether Victorian public health surveillance systems are up to the task of tracking progress in meeting these new challenges. 2, 0 . 4)). Further, obese children in the intervention group also showed lower fruit consumption at follow-up. Overall, PA decreased and sedentary behaviour increased over time, but no significant difference between the study groups SSF, sum of skinfolds; TSF, triceps skinfold thickness; WC, waist circumference; BP, blood pressure; % ‡ P95 CDC, percentage of subjects ‡95th percentile of CDC-F; TV, television; FFFP, Fun, Food, and Fitness Project; CSA, Computer Science Applications accelerometer. Table 6 .
(Continued)
How much activity is enough to prevent weight gain?
Given the uncertainty from the observational studies described in the present review and the scarcity of randomised controlled trials, the short answer to the question 'how much activity is enough to prevent weight gain?' is that it is not known. A report from a consensus conference published in 2003 (Saris et al. 2003 ) has attempted to provide recommendations, concluding from two prospective non-randomised cohort studies among women who had successfully lost weight that there is 'compelling evidence that prevention of weight regain in formerly obese individuals requires 60-90 minutes of moderate intensity activity or lesser amounts of vigorous activity'. Such observational evidence might be considered by some researchers to be less than complete, but when Saris et al. (2003) came to discussing the amount of activity required for the primary prevention of weight gain, they acknowledge that 'definitive data are lacking'. However, on the basis of a selective review they conclude that 'moderate intensity activity of approximately 45-60 minutes per day. . . . is required to prevent the transition to overweight or obesity.' Although the details may be disputed, the most salient points on which most researchers would agree are that there are still no definitive data and that, on the basis of the studies that are currently available, the amount of activity necessary is likely to be substantial. Whilst further studies are required to address the deficiencies in the evidence base, public health authorities have to make responsible recommendations using whatever evidence is available now. In England the Chief Medical Officer's recent review on the evidence of the impact of physical activity and its relationship to health (Department of Health, 2004a) very much follows the lines of the Saris et al. (2003) consensus report in respect of weight gain. While questions may be raised about the scientific basis on which the conclusions of the review are based, it may be that the overall conclusion is still sensible. The danger of overplaying the strength of evidence underlying these conclusions is that it may hinder efforts to improve the evidence base and may undermine an approach to prevention if interventions are unsuccessful. The Chief Medical Officer's overall recommendation is that individuals should accumulate at least five 30 min episodes of moderate activity per week. Although the impact of such a recommendation on the likelihood of weight gain cannot be quantified, it is rational because any increased activity overall is likely to reduce obesity risk, a low proportion of the population currently meet this recommendation and the recommended levels are not so distant from an individual's everyday experience to be unachievable. Whether they will be adopted remains to be seen, as does their impact on the prevalence of obesity if they are adopted.
